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We present a detailed comparison of coalescence and thermal-statistical models for the production
of (anti-)(hyper-)nuclei in high-energy collisions. For the first time, such a study is carried out as
a function of the size of the object relative to the size of the particle emitting source. Our study
reveals large differences between the two scenarios for the production of objects with extended wave-
functions. While both models give similar predictions and show similar agreement with experimental
data for (anti-)deuterons and (anti-)3He nuclei, they largely differ in their description of (anti-)hyper-
triton production. We propose to address experimentally the comparison of the production models
by measuring the coalescence parameter systematically for different (anti-)(hyper-)nuclei in different
collision systems and differentially in multiplicity. Such measurements are feasible with the current
and upgraded Large Hadron Collider experiments. Our findings highlight the unique potential of
ultra-relativistic heavy-ion collisions as a laboratory to clarify the internal structure of exotic QCD
objects and can serve as a basis for more refined calculations in the future.
I. INTRODUCTION
Nuclei and hyper-nuclei are special objects with re-
spect to non-composite hadrons (pions, protons, etc.),
because their size is comparable to a fraction or the
whole system created in high-energy proton-proton (pp),
proton-nucleus (pA) and nucleus-nucleus (AA) colli-
sions [1]. Their size is typically defined as the rms of
their (charge) wave-function, corresponding to about 2
fm for light (anti-)nuclei as obtained from electron scat-
tering experiments. For the hyper-triton, theoretical cal-
culations indicate an rms of the wave-function of about 5
fm [2], significantly larger than that of non-strange nuclei
with mass number A = 3 and driven by the average sep-
aration of the Λ relative to the other two nucleons. This
difference in the wave-functions results in dramatic con-
sequences for the production scenarios, as discussed in
the following. The properties of the objects under study
here are summarised in Table I.
For about 60 years, coalescence models have been used
to describe the formation of composite objects [3–11].
Surprisingly, thermal-statistical models have been suc-
cessful in describing the production of light (anti-)(hyper-
)nuclei across a wide range of energies in AA collisions
[12, 13]. In this approach, particles are produced from
a fireball in thermal equilibrium with temperatures of
Tchem ≈ 156 MeV. Particle abundances are fixed at
chemical freeze-out, when inelastic collisions cease. Fur-
ther elastic and pseudo-elastic collisions occur among
the components of the expanding fireball, which affect
the spectral shapes and the measurable yields of short-
lived (strongly decaying) hadronic resonances. Once the
mean free path for elastic collisions is larger than the
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system size, the fireball freezes-out kinetically at Tkin ≈
90 MeV [14]. In such a dense and hot environment, com-
posite objects with binding energies that are low with re-
spect to the temperature of the system, appear as “frag-
ile”. For instance, the binding energy of the deuteron
is BE,d = 2.2 MeV  Tchem, Tkin. The cross-section
for pion-induced deuteron breakup is significantly larger
than the typical (pseudo-)elastic cross-sections for the
re-scattering of hadronic resonance decay products [15–
18]. Similarly, the elastic cross-section driving deuteron
spectra to kinetic equilibration in central heavy-ion col-
lisions [19] is smaller than the breakup cross-section [15–
18] (Anti-)nuclei produced at chemical freeze-out are not
expected to survive the hadronic phase, yet their mea-
sured production is consistent with statistical-thermal
model predictions and a non-zero elliptic flow is observed
[19, 20]. Several solutions have been proposed to solve
this “(anti-)nuclei puzzle”: (a.) a sudden freeze-out at
the QGP-hadron phase boundary [21], (b.) the thermal
production of these objects as compact quark bags [13],
(c.) the continuous interplay of breakup and formation
reactions resulting in the coincidence of thermal and ki-
netic equilibration [18, 22], and (d.) the coincidence of
coalescence and thermal production [7, 23]. Data from
rescattering of short-lived hadronic resonances suggest a
long-lasting hadronic phase [24], thus strongly disfavour-
ing hypothesis (a.). Hypothesis (b.) cannot presently be
tested beyond the agreement of measured (anti-)nuclei
yields with statistical-thermal model predictions. Calcu-
lations for hypothesis (c.) are currently available only for
deuterons. Hypothesis (d.) is scrutinised in this paper.
To this purpose, we propose a new method to compare
models that also allows for a direct comparison with LHC
data.
For the first time, LHC data allow for the study
of (anti-)(hyper-)nuclei production as a function of the
system- and object-size. A quantitative comparison of
the production scenarios has been proposed in [30], re-
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2Mass number Nucleus Composition Binding energy (MeV) Spin λA
meas (fm) rA (fm) Refs.
A = 2 d pn 2.224575 (9) 1 2.1413 ± 0.0025 3.2 [25, 26]
A = 3 3H pnn 8.4817986 (20) 1/2 1.755 ± 0.086 2.15 [27]
3He ppn 7.7180428 (23) 1/2 1.959 ± 0.030 2.48 [27]
3
ΛH pΛn 0.13 ± 0.05 a 1/2 4.9 – 10.0 6.8 – 14.1 [2, 28]
a For the hypertriton, we report here the separation energy of the Λ from the other two nucleons.
TABLE I. Properties of nuclei and hyper-nuclei with mass number A ≤ 3. The nucleus size is given in terms of the (charge)
rms radius of the wave-function, λA. The size parameter of the wave-function of the harmonic oscillator potential, rA, is chosen
to approximately reproduce the measured/expected rms, λA
meas (fm). The proton rms charge radius λp = 0.879(8) fm [29] is
subtracted from λmeasA according to λA =
√
(λmeasA )
2 − λ2p to account for the finite extension of the constituents. We assume
λΛ ≈ λn ≈ λp.
sulting in the idea of studying the production rates of nu-
clei with similar masses but very different internal struc-
tures, as 4He and 4Li [10]. As 4Li is not stable with re-
spect to strong decay, its measurement is experimentally
difficult and probably less constraining than the system-
atic measurement of the (hyper-)nuclei coalescence pa-
rameters proposed here.
II. COALESCENCE APPROACH
In the coalescence picture, nucleons produced in the
collision coalesce into nuclei if they are close in space
and have similar velocities [3, 4]. For a nucleus with
mass number A = Z + N , the coalescence probability is
quantified by the coalescence parameter BA. Considering
that at LHC energies the number of produced protons
and neutrons at midrapidity as well as their momentum
distributions are expected to be equal, BA is defined as
EA
d3NA
dp3A
= BA
(
Ep,n
d3Np,n
dp3p,n
)A ∣∣∣
~pp=~pn=
~pA
A
, (1)
where pp,n are the proton and neutron momenta and Ep,n
their energies. The LHC is particularly suited for the pro-
duction of anti-nuclei, since the number of baryons and
anti-baryons is equal at midrapidity [31]. Consequently,
the anti-particle to particle ratio for (hyper-)nuclei is con-
sistent with unity [19, 32–35]. In a simple coalescence ap-
proach, BA is expected to be independent of momentum
and of the object size relative to the volume of particle
emission (hereafter referred to as “source size”). While
this picture is found to be approximately valid in pp and
p–Pb collisions [32–34], it breaks down in Pb–Pb colli-
sions, which exhibit a strong decrease in BA with cen-
trality [36]. The elliptic flow of deuterons cannot be ex-
plained by simple coalescence [19].
More advanced coalescence models [5–7] take into ac-
count the source size, as the coalescence probability nat-
urally decreases for nucleons with similar momenta that
are produced far apart in configuration space. We rely
on the formalism proposed in [7]. As coalescence is a
quantum-mechanical process, the classical definition of
phase space is replaced by the Wigner formalism. The
production probability of a nucleon cluster is given by
the overlap of the Wigner function with the phase-space
distributions of the constituents. The wave-functions of
the (hyper-)nuclei are approximated by the ground-state
wave-functions of an isotropic spherical harmonic oscilla-
tor as in [7] with one single characteristic-size parameter,
rA. For the deuteron wave-function ϕd(~r), one obtains
ϕd(~r) = (pir
2
d)
−3/4 exp
(
− r
2
2r2d
)
. (2)
For nuclei with A > 2, analogous forms exist. The re-
lation between rA and the rms of the wave-function was
derived in [37] as
λ2A =
3
2
A− 1
A
r2A
2
(3)
for point-like constituents. We follow the Gaussian
ansatz to obtain fully analytic solutions. In Tab. I, we list
the measured rms of the wave-function, λmeasA , and the
rA parameter derived from these relations. We encour-
age future more rigorous numerical studies that address
the calculation of coalescence probabilities with more re-
alistic wave-functions, e.g. the Hulthen parameterisation
for deuterons [6] or a Λ-deuteron parameterisation for
hyper-tritons as done in [38, 39].
The quantum-mechanical nature of the coalescence
products is explicitly accounted for by means of an av-
erage correction factor, 〈CA〉. For deuterons, 〈Cd〉 has
been approximated as
〈Cd〉 ≈ 1[
1 +
(
rd
2R⊥(mT )
)2]√
1 +
(
rd
2R‖(mT )
)2 (4)
where rd is the size parameter, R⊥ and R‖ are the lengths
of homogeneity of the coalescence volume and mT is the
transverse mass of the coalescing nucleons. The nucleus
size enters the calculation of B2 via 〈Cd〉, as well as the
3homogeneity volume R2⊥R‖, according to the relation [7]
B2 =
3pi3/2〈Cd〉
2mTR2⊥(mT )R‖(mT )
. (5)
The coalescence parameter decreases with increasing vol-
ume, as expected. 〈Cd〉 introduces a length scale defined
by the deuteron size relative to the source size. If we
assume that R⊥ ≈ R‖ ≈ R, Eqs. 4 and 5 simplify to
〈Cd〉 ≈
[
1 +
(
rd
2R(mT )
)2]−3/2
(6)
and
B2 =
3pi3/2〈Cd〉
2mTR3(mT )
. (7)
Figure 1 shows the source radius (R) dependence of 〈Cd〉
and B2, calculated assuming (a.) rd = 0, (b.) rd =
0.3 fm, (c.) the actual value rd = 3.2 fm [26], (d.) a
larger, unrealistic rd = 10 fm. As shown in Fig. 1, 〈Cd〉
suppresses significantly the production of objects with a
radius larger than the source.
FIG. 1. Quantum-mechanical correction factor 〈Cd〉 (top, see
Eq. 6) and coalescence parameter B2 for the deuteron (bot-
tom, see Eq. 7) as a function of the radius of the source
R, calculated assuming a size parameter for the deuteron
rd = 0, 0.3, 3.2 and 10 fm. The inflection point of 〈Cd〉 cor-
responds to R = rd/
√
6 and is indicated in the left panel by
the dotted vertical line for rd = 3.2 fm.
Following the discussion in [7, 9], Eq. 4 may be gener-
alised as
〈CA〉 =
∏
i=1,2,3
(
1 +
r2
4R2i
)− 12 (A−1)
. (8)
Under the assumption R1 ≈ R2 ≈ R3 ≈ R as in [9] and
by combining Eq. 6.2 in [7] with our Eq. 8, we obtain:
BA =
2JA + 1
2A
1√
A
1
mA−1T
( 2pi
R2 + ( rA2 )
2
) 3
2 (A−1)
. (9)
This general formula can be used to compare the pre-
dicted BA with data directly. For small sources, as
R→ 0, the coalescence probability is anti-proportional to
the harmonic oscillator size parameter, and thus propor-
tional to the depth of the attractive potential in the har-
monic oscillator picture (and thus to the nucleus binding
energy). Quite naturally, the allowed momentum differ-
ence between the coalescing nucleons is larger for more
attractive, i.e. deeper, potentials. For a large source
where R rA, the coalescence probability is dominated
by the classical phase-space separation and, thus, de-
creases for large distances in configuration space.
III. STATISTICAL-THERMAL APPROACH
COMBINED WITH THE BLAST-WAVE MODEL
In the statistical-thermal approach [40–42], the yields
(dN/dy) of light anti- and hyper-nuclei are very sen-
sitive to Tchem due to their large mass and scale ap-
proximately as dN/dy ∝ (2JA + 1) exp(−m/Tchem).
The thermal model implements eigenvolume corrections
by fixing the object radius as an external parameter.
We refer to the literature for the extensive discussions
on the validity of the eigenvolume correction for light
(anti-)(hyper-)nuclei [43] and the relation with the pos-
sible production as compact quark bags [13]. In con-
trast to coalescence, the statistical-thermal models pro-
vide only pT-integrated yields. Therefore, we use in ad-
dition a blast-wave [44] parameterization to model the
pT-dependence, with parameters obtained from the si-
multaneous fit to pion, kaon and proton spectra mea-
sured in Pb–Pb collisions by ALICE for several centrali-
ties [14]. As discussed in the following section, centrality-
dependent parameters allow one to extract spectral dis-
tributions for a given source size. The object size does
not enter in the formulation of the blast-wave model.
The normalisation of the predicted blast-wave spec-
tra for nuclei is fixed using the pT-integrated deuteron-
to-pion ratio and 3He-to-pion ratio predicted by the
GSI-Heidelberg implementation of the statistical-thermal
model with Tchem = 156 MeV, multiplied by the mea-
sured pion yield [14]. This choice, as opposed to using the
ratio to protons, is motivated by the fact that the mea-
sured proton yield is seen to be slightly overestimated by
the thermal model [45]. For hyper-triton, the normalisa-
tion is extracted from the statistical-thermal model pre-
diction of the strangeness population factor S3 =
3
ΛH/
3He
Λ/p
4multiplied by the measured Λ/p ratio [14, 46] and
3He yield [36]. With the resulting spectra, we calcu-
late BA for a given pT/A and compare it with coales-
cence expectations. In the following, we label this model
“thermal+blast-wave”.
IV. MAPPING EVENT MULTIPLICITY INTO
SOURCE SIZE
In order to compare the source radius-dependent pre-
dictions from coalescence with the centrality-dependent
data and with predictions from the thermal+blast-wave
model, we map the average charged particle multiplic-
ity density (〈dNch/dη〉) in each centrality (or multiplic-
ity) event class into the system size. Experimentally,
the source size can be controlled by selecting different
collision geometries, i.e. different centralities [47]. This
mapping is based on the parameterisation
R = a 〈dNch/dη〉1/3 + b (10)
where R is the source radius, a = 0.473 fm and b = 0.
The value of the empirical parameter a is obtained
by tuning the parameterisation such that the measured
(anti-)deuteron B2 in the most central Pb–Pb class falls
onto the coalescence prediction. In this way, we con-
strain the coalescence volume with the more differen-
tial (anti-)deuteron data and assume that it is the same
for all anti- and hyper-nuclei. We justify the choice of
Eq. 10 by identifying the source volume as the effec-
tive sub-volume of the whole system that is governed by
the homogeneity length of the interacting nucleons (as in
[7]) and experimentally accessible with Hanbury-Brown-
Twiss (HBT) interferometry [48]. The HBT radii scale
with 〈dNch/dη〉1/3 and we make the simplifying assump-
tion that this scaling holds across collision systems, which
is approximately fulfilled in the data [1, 49]. We also note
that the HBT radii, and thus also the source size, depend
on the pair average transverse momentum 〈kT〉 [50]. In
contrast to [9], we do not explicitly use the measured
HBT radii in our study because using a linear fit to the
ALICE HBT data [1, 51] would result in a smaller source
size (R ≈ 4 fm) than required by the measured B2 to
agree with the coalescence prediction (R ≈ 5.5 fm) in
central Pb–Pb collisions. We do however take into ac-
count the experimentally observed 〈kT〉 dependence of
the source size, in contrast to a similar coalescence study
reported in [39] (for a detailed discussion of possible al-
ternative source volume parameterisations, see the Ap-
pendix A). Production via coalescence could also be in-
vestigated by looking at the transverse momentum de-
pendence of BA. However, the advantage of studying
these effects as a function of the multiplicity/centrality
is that the system size offers a larger lever arm. For a
fixed pT/A, B2 changes by a factor of about 50 going
from pp to central Pb–Pb collisions, whereas B2 changes
by a factor of two going from pT/A = 0.4 GeV/c to
pT/A = 2.2 GeV/c in most central Pb–Pb collisions [36],
and by a factor of less than two in the measured pT/A
range in pp collisions [32, 33].
V. COMPARISON WITH DATA
FIG. 2. Comparison of the coalescence parameters measured
by ALICE (filled symbols) for deuterons (upper panel), 3He
(middle panel) and 3ΛH (lower panel) in pp [32] and Pb–
Pb [35, 36] collisions with the thermal+blast-wave model ex-
pectations (dotted line) and the coalescence predictions (solid
lines). The dashed line in the lower right panel corresponds to
the coalescence prediction for the 3ΛH with a larger radius. We
have rescaled the inelastic pp collision data in [32] to match
the so-called INEL>0 class by the ratio of 〈dNch/dη〉 in these
two event classes, see [52] for details.
5In Fig. 2, the available LHC data for
(anti-)(hyper-)nuclei [32, 35, 36] are compared to
coalescence and to the thermal+blast-wave predictions.
For the latter and for data, the radius parameterisation
given by Eq. 10 is used. For deuterons, both approaches
lead to similar predictions and describe reasonably the
data for R & 1.6 fm. For 3He, the models exhibit a
qualitatively similar R-dependence but differ by a factor
of about 1.5 to 2. The currently available data are
consistent with both models within 2σ to 3σ, where σ is
the total uncertainty in the data. Both approaches show
large differences (a factor of 5 to 6 for central Pb–Pb
collisions and a factor of more than 50 for R < 2 fm)
for the 3ΛH caused by the significantly larger size of
3
ΛH with respect to
3He. The only data point available
so far in Pb–Pb collisions is in agreement with the
thermal+blast-wave model but differs by 6σ from our
coalescence calculation. This discrepancy might differ
for calculations that use a more realistic (non-Gaussian)
wave-function. In [38] it is argued that the difference
between data and coalescence might be explained by a
later formation through coalescence of Λs and deuterons.
A possible difference attributable to the presence of
excited states with J = 3/2 of 3ΛH is not considered here,
as there is no evidence for its existence [53].
Most importantly, Fig. 2 shows that the difference
between the two approaches increases with decreasing
R, highlighting the need for additional multiplicity-
differential data to distinguish between the two produc-
tion scenarios. For 3ΛH we considered also a prediction
from coalescence for a wider wave-function (see Fig. 2),
which results in even lower production probabilities. This
behaviour highlights the unique potential to constrain
the wave-function of (hyper-)nuclei via precise measure-
ments of the R-dependent coalescence parameter. The
curves presented here explicitly allow for an estimate of
the hyper-triton production in pp collisions, which is ex-
pected to be suppressed by about two orders of magni-
tude with respect to that of 3He, making this measure-
ment a prime candidate for future experimental studies.
VI. (ANTI-)TRITON PRODUCTION
For isobars with the same spin but different wave-
functions, like 3H (3H) and 3He (3He), Eq. 9 provides
a relation between the relative coalescence probabilities
as the corollary:
ρ(pT) ≡ BA(
3H)
BA(3He)
(pT) =
(
R(pT)
2 +
r23He
4
R(pT)2 +
r23H
4
)3
. (11)
Under the assumption that the distributions of protons
and neutrons are identical, this is equivalent to the ra-
tio of 3H yield relative to that of 3He (or 3H/3He) at
a given transverse momentum. It is to be noted that
the transverse momentum dependence of this ratio orig-
inates solely from the pT-dependence of the source vol-
ume. The ratio ρ is reported in Fig. 3 for pT/A = 0.75
GeV/c of the two isobars and as a function of the av-
erage charged particle multiplicity. The multiplicity is
obtained from the system radius by inverting Eq. 10.
The coalescence model predicts a dependence of ρ on the
system size and thus on the charged particle multiplic-
ity. In particular, the production of 3H (3H) is predicted
by our model to be more abundant by up to a factor
of two than the production of 3He (3He) in small sys-
tems. Such an excess of (anti-)tritons is not expected in
thermal-statistical hadronisation. Since the two isobars
have the same mass, spin, and baryon number, the Grand
Canonical thermal model [12, 13] predicts a 3H/3He ra-
tio equal to unity. The same holds true when taking into
account the potential suppression of (anti-)nucleus yields
due to explicit conservation of the baryon number, as in
Canonical Statistical Model calculations [54]. Existing
(anti-)triton measurements in pp collisions [32] are lim-
ited by statistical precision and thus do not yet allow for
a distinction between the two scenarios.
FIG. 3. Yield of 3H relative to 3He for pT/A = 0.75 GeV/c as
defined by Eq. 11 in the coalescence picture (black line). The
source radius has been mapped into the average charged par-
ticle multiplicity by using the parameterisation constrained to
the ALICE B2 measurement described in Sec. IV. The dashed
orange line represents the expectation from statistical hadro-
nisation models. Colored arrows highlight the multiplicity
range spanned by ALICE measurements in different collision
systems.
VII. CONCLUSIONS AND OUTLOOK
We summarise our main conclusions as follows:
1. For the production of A = 2 and A = 3 (anti-)nuclei
in heavy-ion collisions, thermal+blast-wave and
coalescence models give similar predictions for a
6source volume that is constrained by experimental
data on d, d¯ production in central Pb–Pb collisions.
2. For hyper-triton, the two models give very differ-
ent predictions as a function of source volume. In
particular, the yield of hyper-triton appears to be
suppressed by about two orders of magnitude in
pp collisions with respect to 3He due to its wider
wave-function.
3. In Pb–Pb collisions, the very limited number
of data available favours the thermal+blast-wave
model prediction within our assumptions.
4. Systematic measurements in pp, p–Pb, and Pb–
Pb collisions at LHC energies have a unique poten-
tial to clarify the production mechanism and the
nature of composite QCD objects. Ideally, such
measurements are accompanied by systematic mea-
surements of the HBT radii in the same multiplic-
ity/centrality classes and collision systems.
5. Our findings suggest a clear experimental path
to be pursued with high-precision measurements
at the upcoming phase of the LHC in the next
ten years, which will finally provide sufficient inte-
grated luminosity for the studies proposed here [55].
As our study is deliberately based on simplified assump-
tions that allow for a completely analytical treatment of
the problem, future studies should be based on more re-
alistic approximations (in particular the wave-function),
which require numerical calculations. We plan to extend
our study to explore further the pT dependence as well as
to investigate A = 4 systems and more exotic QCD ob-
jects like the X(3872) [8, 56]. If the X(3872) corresponds
to a loosely bound D
∗0
–D0 molecule, the rms of its wave-
function can be as large as 4.9+13.4−1.4 fm [57]. Thus, its pos-
sible production via coalescence in pp collisions would be
subject to a similar suppression as the hyper-triton. Set-
ting a final word on the production mechanisms also has
a broader application in astrophysics and dark-matter
searches, by representing an essential input for the mea-
surement of (anti-)nuclei in space within ongoing [58, 59]
and future [60, 61] experiments.
Appendix A: Comparison of alternative source
volume parameterisations
For the considerations discussed in this work and in
similar reports, one crucial aspect has to be taken into ac-
count, namely how the source radius is parameterised as
a function of the multiplicity and transverse momentum.
As discussed in Sec. IV, for our main result we rely on the
parameterisation given by Eq. 10, which assumes a linear
dependence between the cubic root of the measured av-
erage charged particle multiplicity density and the radius
of the source. In order to extract the a and b coefficients
of Eq. 10, several solutions can be adopted. One possibil-
ity is to fix the coefficients by fitting the available HBT
data from ALICE [1, 49, 51] with Eq. 10, as shown in
Fig. 4 by the data points fitted with the dotted gray line.
In order to preserve the momentum dependence of the
FIG. 4. Comparison of different source volume parameteri-
sations. The dotted gray line is the result of a linear fit to
the ALICE HBT data [1, 49, 51], according to Eq. 10 with
a = 0.339 fm and b = 0.128 fm. The dashed blue line rep-
resents the parameterisation used in [39], corresponding to
a = 0.83 fm and b = 0. The solid black line represents the
parameterisation used in our study (a = 0.473 fm and b = 0)
and obtained by a constraint from the B2 measured in central
(0-10%) Pb–Pb collisions.
source volume, the highest available kT (≈ 0.9 GeV/c)
from pion HBT is chosen as it is closest in mT to the low-
est transverse momentum per nucleon (pT ≈ 0.8 GeV/c)
accessible by ALICE for the measurement of nucleus pro-
duction. Ideally, one would use the proton femtoscopic
radii, but given the availability of these measurements in
only some of the collision systems and centralities, we as-
sume that mT-scaling holds. The fit to the ALICE data
results in a = 0.339 fm and b = 0.128 fm. However, this
approach does not describe the deuteron B2 data: we ob-
serve that in order for the measured B2 to agree with the
coalescence prediction in most central Pb–Pb collisions,
a larger source radius of R ≈ 5.5 fm is required instead of
the R ≈ 4 fm resulting from the HBT fit. This might also
indicate that the volume relevant for the coalescence pro-
cess is slightly larger than the homogeneity volume that
can be extracted from HBT studies. Because of this, we
chose to constrain the parameterisation to the measured
B2 in central Pb–Pb collisions for pT = 0.75 GeV/c as
well as to the origin (b = 0). The resulting parameteri-
sation, with a = 0.473 fm, is represented in Fig. 4 with a
solid black line, and it is used for the results of our study
discussed in Sec. V.
The authors of [39] assume the same functional de-
pendence as we do in Eq. 10. However, their approach
deviates from ours as they neglect the momentum depen-
7dence of the source volume and constrain it with HBT
data at low momentum (kT = 0.25 GeV/c). The param-
eterisation from [39] (a = 0.83 fm and b = 0) is shown
for comparison in Fig. 4 as the dashed blue line. While
this choice allows for a good description of pT-integrated
yield ratios (e.g., d/p, 3He/p, 3ΛH/Λ) [39], using this pa-
rameterisation for the pT-differential study would lead to
a significantly lower coalescence probability than mea-
sured, caused by the much larger source volume (e.g., a
B2 lower by a factor of 5.6 for pT = 0.75 GeV/c, corre-
sponding to a factor of two larger radius). In other words,
by integrating over the transverse momentum, one loses
sensitivity to the pT-dependence of the coalescence prob-
ability as the object radius becomes dominated by the
large source volumina for small kT (see Eq. 9).
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